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2 a7 fuEA g (DMDMS : Si(OCHs)(CHy)2) 9 A28 Efste] Fet=o} 313t
zaa o2 p 1) Si(100)e) SIOC(-H) H#Hete FAE o FH2xo] 4gS Yopugic
z3ro kst Lol f (radio frequency) HYE 600 W, AUAFEE 100mTorr2 33
z3g7 2AEL 77 FESEM (field emission scanning electron microscopy)® del4vEE
o] 3] 243y 38y FRE fourier transform infrared (FTIR) spectroscopy® ©]-8-3t4
700 co "ol B E 4000 cm 9] wavenumber7bAl ZAdth dhete] Wr]H EA4L IMHz WEF
o]l MIS (metal/insulator/semiconductor) FZolA4 ZAFst¢aL RT (room temperature)A %

e A9t 222 M Re RAAFE 2

LM £

A2 veA AgAdAN dF AEHz
9l 90nm#7 Cwlow-k 2&AMEY 4
8A471&L FMAL 24 o] AFHY
+2 7= 37338A4YE  dual-damascene
N E Ao Hgate Aol A AHEHA
AR glE SiLK, SiO: wEte 943 ¢AA
3 gHerstel E4L $53AT ujdH o]
%nm 7 oY aAdA HE&E F¢, &
zte) &N Ay 7|8 FAEZ F
7to] Qsted AzAA, A3l o4F F

AL & F AU

& (cross-talk noise) 28 HFAHF7}
59 ZAdo] G (1] wabA wjdzt
Zo]l 70nma ©|449e ULSI (ultra-large
scale integration) Zzt7HEolA 9lo] WHF
£o FYs 2pAdEeE {FASFE 21
ol3tel SIOC(-H) ks Hgsteie 77
g5dolt} [2].

4 Jx-713€ ZE SiOC(-H) Hetd
spin-on coating® E&t=vl HE/Y FF
ks (PECVD, plasma enhanced chemical
vapor deposition)2.& AFEHI 91 o] F
spin-on coating #'#& SiOC(-H) w934
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Ao w2t Si-0-Si bondE AAHEA Si-O-
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o] FHXro zA wzt FAMH SiOC
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o} A dHu ot EAoh ®
&  dipolar polarizability® Si-O$}  Si-C
bond® ZA%7 W3l2RE dipole momentE
ARt #3145, SIOC(-H) ®heke] 73
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Fig. 1. Deposition rate of SiOC(-H) films

as a function of the substrate

Deposition Rate (nm/min)
2

temperatures.

Fig. 2= Fig. 19 Z3%E Arrhenius %%

Aoz Ad #A43 oUAE Yehd Ao
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Fig. 2. Arrhenius plot of deposition rate
of SiOC(H) film to calculate the
activation energy.

2. SIOC(-H) 4joto| oty HETX
Fig. 3& FH2EE A2 400 T 7/}1]

WA 7IHA 48 5 22§ SIOC(-H) ¥
%ol FTIR 2®Edo|th  wavenumber?}
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Z7lgte] ot ZFEE B FUF U3,
Si-0-C bond (1108cn)9] ol ZAEE
Zzz2wd BAgel st £ Si-CHs
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zier Z7lg ot ZasAT. oY
AR 227 & 9944 FHE &
g2 Si-0-C bond BT Si-O-Si bond7t %
22 oulsn, SiO,-#thd SiOC(-H) e
02 YAsE Aoz YAdr FAXE
w2} Si-CHs$t CH, bond®] Fola Za:
Fig. 2914 uehd Gl G2&} 28 + 7
o] wr-g ZAztel Yt H-OH stretching
bond 3720 )E FH&E FANUC I
o3 ZAxE dAs. Ywxez H-OH
bonds =& ZHLEAME Z BZHA
o=t} 22y} Fig. 39 AlgelA H-OH

bond7b ibehd A& wepliel H-OH
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' : OH °
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Fig. 3. FTIR spectra of SiOC(-H) films
deposited at different substrate
temperatures.
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g 271Fd =&5HUE 9 EWHA FE
F48 AQAE BEYHAL Hol29 F
=7l FFexd #AQel YAE AL B
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Si-O-C(-H) bond¥ -ring link, -open
link 223 -cage link9 A 7% A&
modeE %3 Utk ©] modeE2 SiOC(-H)
utote] A7z E38 ¥ RS W
o 9% Fo [7], Si-O-Si(C) bond®]
FTIR 2¥9E#$& deconvolutiondte] £4¥
4 9lth. Fig. 42 Fig. 39 Si-0-Si(C) (930
a'~150cm™) FTIR 29EJE FHE
#sle]l wa  deconvoluton® Aot}
Wavenumber”} 1018cn™ ¥29lM Yehd
o3 Si-0-Si bond°lX, wavenumber
7} 1050, 1100 23 1150cn” F2olA
Ueld Hoja¥E Si-0-C bond9 -ring
link, -open link 2232 -cage link mode®l
t}. 9714 Si-O-Si bond$} Si-O-C bond9]
-ring link modet Z#&=7t F7Hdel o
#} wavenumber7t ¥ 9902 HY (red
shif) 82 ®%3, Si-O-C bond9 -open
link$} -cage link modet o] #AFo] UE
A gttt of e FFALEN} ¥
exo] 3¢ Ao NBuEHEA FHHE
Si-CH; 84%9 71 #asHz, =¥
Si-CH; 84%& &2 AVSARE ZHe
AtAol 93] -CH; groupe €A o|2HH
A AgE 44 a9 Fgsd Si-0
bond2 A7 HEoltt.

Yutyog FTIR 29EYAA AgE A
39t (Si0y)2 Si-O-Si bondd] 2%ZE 120
2 o]FdA AF3t9 symmetric stretching
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Fig. 4. Deconvolution of Si-O-C bonding
mode in the wavenumber ranging
from 930 to 1250 cm ' of SiOC(-H)
films prepared at different
substrate temperatures.
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SIOC(-H) %t We) Si-C 2% o Si-0
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Mo & & Aot (111,

H 2Si— 0o-C
3kgT

adg —

AN kg & BIZ 45, Te Al
zo|t}. Fig. 6914 FFx7t A4
Si-0-C #32A4 38 o 1019x107
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Fig. 5. Bonding angles of O-5i-C and
Si-0-Si as a function of the
substrate temperature.
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Fig. 6. Dipole = moment and dipolar
polarizability of Si-O-C bond as a
function of substrate temperature
in the SiOC(-H) films.

4. SIOC(-H) wate| HI|5 &Y
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Fig. 7. Dielectric constant and refractive
index of the SiOC(-H) films as a
function of substrate temperatures.

Fig. 82 Z32%o w& SiOC(-H) ¥Hat
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o £H& [V EA4ZTMoRRE st
3 VolX ZHE FHUFILE golth AL
oAlA Fad SiOC(-H) wote] ¥4 H{EY
EE o 77x10° A/em’ @3, FRHEE7}

100, 200, 300 2T 400 CollME 51x10™

~_ 3
5[
< A
o \\
> \
X \
EXT
(=3
E N
o ]
s
£ \l
5 4 \-
) TTT—n
z
b+ ) n L L
- 9 100 200 300 400
Substrate Temperature { °C )

Fig. 8. Leakage current density of the
SiOC(-H) films as a function of
substrate temperatures.
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A Study on the Characteristics of Low Dielectric Constant
SiOC(-H) Films Deposited with Various Substrate
Temperature

Seung Hyun Kim, Chang Young Kim, R. Navamathavan,
Yong Jun Jang, An-Soo Jeong, Chi Kyu Choi

Nano Thin Film Materials Laboratory, Department of Physics,
Cheju National University, Ara I Dong, Jeju, 690-756, South Korea

Abstract

We report on the influence of substrate temperature of the SiOC(-H) thin films were
deposited on p-type Si(100) substrate by using plasma enhanced chemical vapor deposition
(PECVD) with dimethoxydimethysilane (DMDMS) and oxygen gas as precursors. The films
were deposited at various substrate temperature with a radio frequency (rf) power of 600
W and working pressure of 100 mTorr. The deposition rate and refractive index were
analyzed using FESEM and ellipsometer, respectively. The chemical and structural nature of
these films was characterized by using FTIR. The electric properties of the SiOC(-H) films
were Investigated by using MIS structure at 1IMHz frequency and the lowest dielectric
constant the films deposited at RT (room temperature) achieved with DMDMS/O, precursor
was found to be 2.22.

Keywords : low-k, SiOC(-H), DMDMS, PECVD, FTIR, MIS
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